Three kinds of fractal solutions of model of chemical reactors are presented. The first kind concerns the structure of Feigenbaum_s diagram on the limit of chaos. The second kind and the third one concern the effect of initial conditions on the dynamic solutions of models. In the course of computations two types of recirculation were considered, viz. the recirculation of mass (return of a part of products stream) and recirculation of heat (heat exchange in the external heat exchanger).
Introduction
As was shown in earlier papers, the solutions of models of chemical reactors may be of a very complex dynamic character, including chaos [1] [2] [3] [4] [5] . These solutions are illustrated in a clear way by steady-state diagrams of various type, a.o. by the so-called Feigenbaum diagram ( Fig. 1 ). In the case when bifurcation parameter exceeds the value, which determines the entrance of the trajectory into the chaotic region, the system of diagram branches has a fractal structure at this place [6] . In the present work the method of determination of the fractal dimension of Feigenbaum tree, concerning a chemical reactors, is demonstrated. Also the effect of initial value of state variables of reactor, viz. degree of conversion α and temperature Θ , upon the value and convergence of models solutions was investigated and coloured fractal images were obtained. For the sake of computations a.o. the Mandelbrot algorithm was applied.
Model
The mathematical model of a chemical reactor with recirculation of mass or heat comprises following balance equations:
and algebraic balance equations, which constitute the boundary conditions resulting from the feedback:
The reaction kinetics may be described by Arrhenius-type relationship:
In the case of recirculation of mass x=1 [1, 3, 4] and in the case of recirculation of heat x=0 [2, 5] .The numerical analysis presented in papers [1] [2] [3] [4] [5] has demonstrated that there exist the regions of parameters values of both reactor models, i.e. with mass recirculation and with thermal feedback, with oscillation-type solutions, chaos including, these regions being of considerable magnitude. The character of these solutions is well exposed by Feigenbaum tree in Fig. 1 . . It is likely to imagine that the structure of this tree, based on the scenario of doubling the period, resembles the constructions of Cantor set [6] . There is, however, a difference, because in Cantor set the ratio of segment division is strictly defined, being equal to r=1/3, whereas in the case of diagram from 
Fractal images of the solutions
In this paper two types of coloured fractal images, obtained from the mathematical models of chemical reactors are presented. In order to determine them, two different algorithms were used. 
Algorithm 1 of the generation of coloured fractal images
Generating a discrete time series of state variables of the reactor ( ) Fig. 4 . The number of steps of the recurrence process N=200. It is likely to imagine that Fig. 4 resembles Saturn rings. It is worth mentioning that individual coloured bands in Fig. 4 display a clearly outlined granular structure. This part bears witness to the sensibility of solutions with respect to initial conditions. It is interesting that within a given band one of the colours is dominating. 
Algorithm 2 of the generation of coloured fractal images
In this case, for the generation of fractal image the method of Mandelbrot has been used, viz., it has been assumed that the state variables of reactor: conversion degree α and dimensionless temperature Θ , are complex numbers. From the physical point of view this assumption is, obviously, unjustified. This results from the fact that physical variables are of physical character exclusively. Nonetheless it has been proved that the models of chemical reactors generate very interesting fractal structures for complex variables So, Fig. 6 shows a basic fractal image of solutions of the model with thermal feedback (x=0). A fragment of the set from Fig. 6 is presented in Fig. 7 . There are clearly visible regions resembling the form of a basic set, which bears witness to the fractal structure of the obtained solutions. The successive figures 8 and 9, present fragments of the set from Fig. 7 . Also here the elements similar to the basic set are distinct. Comparing the images obtained from the model of reactor with thermal feedback with those obtained from model of reactor with recirculation of mass one observes that the structure of the former ones is more uniform, viz., the individual bands are of the same colour (compare Fig. 6 ). In the case of the reactor with recycle the colours are more strongly mixed (compare Fig.  10 ), which bears witness to a great turbulence of the process. 
Concluding remarks
The present paper deals with three different models of fractal analysis of dynamic solutions of chemical reactor. The first fractal method concerns the analysis of Feigenbaum diagram of reactor model (Figs. 1-3) . The branches of this diagram are treated as an analogue of Cantor set, the difference consisting in two division ratios in the case of reactor (Fig. 16) . Finally, the formula (A.1), enabling one to determine the fractal dimension, has been derived. The second fractal method consists in the investigation of the effect of initial conditions of state variables, degree of conversion α and temperature Θ upon the terminal value (steady state) of these variables (Fig. 4) . The third method, based on Mandelbrot algorithm, consists in the investigation of the convergence of solutions of the models, in dependence on initial conditions of these variables α and Θ . It has been assumed, similarly as in Mandelbrot method, that these variables are of complex type. Finally, the maps of fractal images, as in Figs. 10-15, were obtained.
